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INTRODUCTION 
The ability to quick1y detect f1aws in thin a1uminum a1loy sheets 
is of critical importance to the commercial airline fleets. Current 
eddy-current methods, although very effective at exposing flawed 
regions, can be very time consuming when applied to airframe structures. 
The need for a fast, effective means of detecting critical flaws needs 
to be met. The purpose of this paper is to present preliminary results 
describing some capabilities of a new instrument, The Magneto-Optic/Eddy 
Current Imager, as an NDE tool for use in the Airframe Structural 
Integrity Program. 
MAGNETO-OPTIC lMAGING 
Flaws such as cracks and corrosion in conducting materials are 
directly visualized through the use of a Magneto-Optic Instrument (MOl) 
[1). This instrument uses a magnetic garnet film to sense the 
magnetization of a test piece across a circular area of 4" diameter. 
Flaws are detected by examining the Faraday rotation of polarized light 
which is transmitted, and then back-reflected through the garnet film as 
depicted in fig. 1. The local magnetization of the film is made to 
switch under very weak magnetic fields by adding these fields to a bias 
field near to the switching field of the film. As a result of the large 
Faraday rotations of the film and the weak fields required to locally 
switch the film's magnetization, it is possible to visualize magnetic 
fields associated with eddy-current flows around flaws in the test 
piece. 
The eddy-current induction mechanism of the MOl induces eddy-
currents to flow linearly across the surface of the sampIe throughout 
the test region [2). In the vicinity of an inhomogeneity having a 
dimension perpendicular to the induced eddy-current flow there will be 
an inhomogeneity in the eddy-current density which will produce a stray 
magnetic field in the direction normal to the sampIe surface, 
(Bn stray)' When this stray field is added to the magnetic bias field 
of the instrument the Faraday rotation of polarized light transmitted 
through the area of the film above the flaw will be in the opposite 
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Fig. 1. 
Angle of rotation of polarized 
light upon passing through film 
$ = Specific Faraday rotation of film 
f 
k = Wave vector of incident light 
M = Local magnetization of film 
Rotation of polarization vector due to transmition 
through garnet film: (1) Incident wave and 
polarization vectors, (2) Faraday rotation after one 
pass through garnet film, (3) Light wave after 
reflection from mirror, (4) Double rotation after 
two passes through film [1]. 
direction to that of light transmitted through a portion of the film 
where Bn stray = O. Flawed areas of the sampIe are therefore 
discrimi~ated from unflawed areas by detecting only light that has been 
rotated in the direction corresponding to Bn_stray = 0; flawed areas are 
displayed black while unflawed ones are lighter in color. This output 
can be directly visualized through an eyepiece on the instrument, filmed 
and displayed on a monitor, or digitized for computer storage and signal 
processing. 
EXPERIMENTAL RESULTS 
In order to study the capabilities of magneto-optic imaging for 
the aging aircraft program images where taken of cracks, corrosion, and 
EDM notches in 2024-T3 0.040" thick aluminum plate sampIes. The 
variation in contrast between flawed and flaw-free regions was also 
studied as a function of frequency and the bias field. 
Figure 2 displays images of a riveted joint, similar in 
manufacture to an airframe lap joint, for both an unfatigued sampIe and 
a sampIe containing cyclicly grown fatigue cracks. The induced current 
flow for these figures, as oriented on the page, would be parallel to 
the sides of the page. The slight diversion of the current around the 
rivet is clearly visible in both figures. The image taken from the 
fatigued sampIe also clearly illuminates the area of the fatigue cracks 
which are radiating from the sides of the rivet joint. The eddy current 
frequency for both of these images was 50 kHz. 
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Image of rivet in aluminum 
plate 
Image of Fatigue Cracks 
growing from riveted joint 
Fig. 2. Magneto-optic images of riveted aluminum plate 
samples . 
It has previously been stated that the induction mechanism of the 
MOl induces eddy currents to flow in a linear fashion. A consequence of 
this induction strategy is that the instrument is most sensitive to 
flaws which lie perpendicular to the induced current direction. Figure 
3 illustrates this point by showing four different images of a fatigue 
crack as the angle between the crack propagation direction and the 
induced eddy current current direction is changed. This figure also 
displays the 'blind spot' of the MOl to thin flaws lying parallel to the 
axis of the induced current. An eddy current frequency of 50 kHz was 
again used . 
Corroded aluminum al l oy surfaces were also studied using the 
magneto-optic imager. The electro-chemical method used to corrode the 
samples produced corrosion spots of 1cm2 circular area. The percentage 
of material loss in the corroded spots va ried across the cross section, 
with the greatest 10ss occurring in the bordering area between the 
corrosion spot and the remainder of the sample. The first corrosion 
site imaged contained approximately 40 % material loss in the thin groove 
forming the border between the unflawed area of the sample and the 
corrosion spot.The remainder of the flawed area contained a nearly 
uniform material loss of approximately 30%. The second site imaged 
contained material los ses of approximately 15 % and 4% in the outer 
groove and central region respectively. Figure 4 shows the images 
captured with the MOl for these two corrosion spots . These images were 
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Fig. 3. 
20 degrees o degrees 
-15 degrees 
Images of fatigue cracks at different orientation 
angles to induced current axis. Flaw image vanishes 
when crack propagation axis and induced current axis 
lie parallel to one another. 
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Fig. 4. 
30 - 40 % material l oss 4 - 15 % material l oss 
Images of corroded Al. 2024-T3 surface. Surface area 
of corrosion spots = 1 cm2 . Induced current flow parallel to 
page sides. 
recorded at 100 kHz with the MOl on the same side as the flaw. Backside 
imaging showed that the deeper flaw could be detected using a frequency 
of 6.25 kHz, although this image is not presented here. 
All of the images displayed thus far have been 'raw' images, 
digitized directly from the imaging head and stored on magnetic tape for 
later transfer to a personal computer for hardcopy output. No image 
processing was performed in order to improve the quality of the 
digitized images. 
The format of the stored data suggested some simple image 
enhancement techniques. The original digitized images were stored into 
computer memory. A background image was also stored for the same sampIe 
and operating conditions over a section of the sampIe known to be defect 
free. The background image was then subtracted from the original one in 
order to remove artifacts due to uneven illumination of the sampled 
area. The difference image was then median-filtered, smoothed and 
thresholded to produce a binary image to clearly demarcate any flaw 
regions in the sampIe. These steps are illustrated in figure 5 for a 
riveted aluminum plate sampIe containing fatigue cracks. All binary 
Fig. 5. 
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Original Image 
Difference Image 
Background Image 
. , 
, ....... U 
Thresholded Image 
Steps used in processing magneto-optic images. A 
background image of a known unflawed region is 
subtracted from the original image. Filtering, 
smoothing and thresholding are then used to produce 
the final result. Each image represents 4" x 4" 
area. 
images presented subsequently in this paper are obtained using the same 
image processing described above. 
Figure 6 displays both processed and unprocessed images of EDM 
notches in an aluminum alloy plate. The manufactured defects were all 
0.010" wide and completely penetrated the 0.040" thick plate . The 
length of the defects va ried from 0 . 050" to 0.125". Although all of the 
defects could be detected with the instrument, the image of the smallest 
defect (0.050" in length) is not presented in the figure because the 
original image was faint and the simple image processing techniques 
described above could not successfully pull out the flawed region. 
An important variable associated with the MOl is the frequency of 
the induction current. As with any electromagnetic test device, the 
depth of penetration of the field into the sample depends upon the 
frequency of the electromagnetic field [3]. The MOl has a selectable 
frequency range, from 6.25 to 100 kHz. As the frequency of the 
induction current increases, the depth of penetration of the eddy 
currents into the sample decreases . The result is that a higher 
frequency will produce a sharper image when viewing a surface flaw . At 
low frequencies the MOl will gather information from various depths 
through the material. The averaging of magnetic fields originating from 
different depths into the material causes a spreading of the resultant 
flaw image. For the detection of subsurface flaws, however, a lower 
eddy current frequency is required so that the electromagnetic field can 
penetrate through the material to the flaw location. Figure 7 
illustrates the effect different eddy current frequencies have on the 
image of a through fatigue crack. The increased sharpness at higher 
frequencies results in a clearer picture of the actual flaw dimensions, 
and increases the ability to discriminate separate flaws in the same 
vicinity. Figure 8 shows the images obtained at 6.25 and 100 kHz for a 
section of an aluminum plate sample containing two fatigue cracks 
The last parameter of the MOl which was studied was the bias field 
setting. For a low setting of the magnetic bias field, the magnetic 
field produced by the eddy current flow around a flaw in the material 
may not be strong enough to switch the magnetization of the magneto-
optic crystal. If the bias field is too large the image will appear 
dark even when a flaw is not present in the viewing area. Figure 9 
shows a graph of the pixel intensity value versus the bias setting for a 
portion of an image directly above a fatigue crack and a portion of the 
DDBD 
0.070" 0.090" 0.110" 0.125" 
Fig. 6. Raw and processed images of EDM notches in an Al. 
2024-T3 plate. Increasing notch length widens the 
spacing between the dark areas corresponding to the 
increased current density around flaw edges. 
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6.25 kHz 
12.5 kHz 
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100 kHz I~ · "I 
Raw Images Processed Images 
Fig. 7. 
Fig. 8. 
Raw and processed images of cracks radiating from a 
rivet joint in an a1uminum alloy sampIe. Increasing 
the frequeney of the induetion eurrent reduees the 
skin depth and provides a sharper image. 
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Area of images 
6.25 KHz 100 KHz 
Ability to diseriminate separate f1aws in the same 
vieinity inereases with inereasing frequeney. 
Aetual loeation and dimensions of f1aw are mueh 
e1earer at 100 kHz. 
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Fig. 9. 
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Bias position 
Graph of average pixel intensity vs. position of bias 
field contro1 knob for flawed and flaw free 
regions of raw image. 1 unit along position scale = 
1/8 maximum range. 
image over an unflawed region. For a low setting there is very little 
difference between the pixel intensity va lues for the two regions. As 
the bias field increases the image of the flawed region begins to 
increase in intensity. The eddy current induced magnetic field, when 
added to this slightly stronger bias field, is now strong enough to 
switch the magnetization of more of the magnetic domains in the crystal. 
As the bias field continues to increase both images increase in 
intensity in a nearly linear fashion until the crystal begins to 
saturate. As the bias field approaches its maximum value the slope of 
the graph for the flawed region decreases. The intensity of the image 
is near its maximum value. The intensity of the unflawed region, 
however, continues to increase. At the highest bias levels both images 
have saturated and the difference in their intensities is minimal. The 
sensitivity of the instrument for the particular test conditions used, 
imaging surface fatigue cracks in Al. 2024-T3 at 100 kHz, is seen to be 
nearly constant over the central 30 - 40% of the bias field range with 
the maximum contrast between flawed and unflawed regions occurring close 
to the center position. 
SUMMARY 
Some capabilities of the Magneto-Optic/Eddy Current Imager have 
been displayed for aging aircraft type flaws in 0.040" thick Al. 2024-
T3 plates. Images of cyclicaly grown fatigue cracks from riveted joints 
in a fabricated lap joint structures, EDM notches, and corrosion spots 
have been presented. Although all the flaws presented here could have 
been detected with conventional eddy current methods, the ease of 
operation and speed with which tests can be completed with the MOl are 
unmatched by these techniques. Results are displayed in real time as a 
test piece is scanned and provide easily interpretable flaw images. The 
adaptability of the instrument for automated image processing has also 
been suggested, where the processing steps would include a background 
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subtraction, median filtering, and low order smoothing followed by a 
thresholding operation. Incorporating these simple steps can make the 
MOl an even more powerful NDE tool. 
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